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In 1972, Archie Cochrane published an influential book about the effectiveness and efficiency of health services which is often considered to be the birth of evidence-based medicine (EBM) or evidence-based practice (EBP).
Further articles drew attention to; the over and under use of some treatments, the potentially harmful effects of some treatments, and variation in health care standards between hospitals, diagnostic groups and social classes. 1, 2, 3 A well-known example was the delay in implementing thrombolysis treatment (an effective treatment to dissolve blood clots) which prevented death after acute myocardial infarction (heart attack). 4 In response to this, Cochrane emphasised the importance of using existing empirical research in medical decision-making and challenged the medical profession to organize critical summaries of all randomized controlled trials within each medical speciality. 2 EBM (evidence-based medicine) has more recently been defined as "the conscientious, explicit and judicious use of current best evidence in making decisions about the care of individual patients" and consists of the following 5 steps:
• formulating clinically important questions • efficient gathering of clinical evidence (research) • critical appraisal (assessment) of evidence • applying evidence to practice • evaluating own practice 5 The impact of short courses in evidence-based practice (EBP) has been evaluated in many trials. Most studies have evaluated the impact of educational interventions in terms of either knowledge of EBM; skills to critically appraise scientific articles; changes in self-reported attitudes to EBM; self-reported reading behaviour or course satisfaction. However, few authors have used validated instruments, 6 which has contributed to difficulty in interpreting trial results. 7 More recently, attempts have been made to validate instruments, but these have not included questions about searching for evidence 8, 9 and have thus excluded a major component of EBM.
In this study, we aimed to develop and validate instruments which measured knowledge about critical appraisal and searching skills for use in a randomized controlled trial. The trial aimed to compare two educational programs in evidence-based practice (EBP) for medical students at the University of Oslo, Norway in 2002/3.
10 Students were recruited to the trial from three separate semesters to ensure an adequate number of study participants. EBP knowledge (and skills) were assessed in each semester in an end-of-term examination. Since students' examination papers were made public soon after testing, each cohort of students in the trial required separate, but similar instruments to test EBP knowledge -three instruments in all. knowledge of evidence based practice and searching skills.
Available from http://www.med-ed-online.org
Methods
Development and validation comprised three stages: development of a pool of questions, validation of the questions to develop three instruments (including before and after assessment) and revalidation/implementation of the instruments in a randomized controlled trial.
Development -Existing questions from previous studies 11, 12 were modified by a panel of four experts with experience in teaching EBP for several years (a research librarian, a professor in public health medicine, a further medical public health specialist and a research physiotherapist). Questions were then selected for comprehensiveness and relevance (content and face validity) to the syllabus of the educational intervention in the trial.
10
A pool of 23 multiple-choice questions was created in English and translated to Norwegian, using a process of back translation for quality control. Each question consisted of a stem and three items, to which the response options were "True", "False", and "Don't Know". Each stem introduced a key learning concept within EBP and the items following each stem were intended to reflect differing degrees of familiarity with the concept introduced. An example is shown in figure 1 .
Piloting and validation -In this second stage, 3 similar instruments of 6 questions each were developed by removing questions which reduced overall internal consistency.
Content and face validity were maintained, but the wording of two of the questions in the third instrument was changed, as they were felt to be ambiguous.
The pool of 23 questions was given to a total of 55 delegates at two international, one-week conferences in EBP. Both conferences were based on the educational model developed by McMaster University, Canada.
13
Fifteen potential questions were answered by delegates before and after the first conference, the "6th Nordic workshop in evidencebased health care" (May 2000) to develop the first two instruments. The delegates were varied in terms of their educational background but few delegates had previously attended more than one course on EBP or taught EBP to others. Thirty-two percent of the delegates completing the questionnaire were doctors in clinical practice, 47% were other health qualified professionals (mainly nurses, and physiotherapists), and 20% were health care librarians. Eight additional questions were answered by delegates before and after the "Central-Eastern European Evidence-Based Health Care Workshop" (December 2002) to develop the third instrument. The delegates at this conference were generally similar in terms of their educational and professional background to those attending the first conference. Sixty-six percent of the delegates completing the questionnaire were doctors with clinical practice, 22% other qualified health professionals (mostly nurses), whereas 11% were health care librarians. This knowledge level of participants at both conferences was assumed to be similar to the medical students in the forthcoming trial.
Items were scored as +1 if the answer was correct, -1 if incorrect, and 0 if unanswered or marked as "don't know". Scores for the three items of each question were then averaged for that stem. Thus the total possible score for the entire set of knowledge questions ranged from -15 to + 15.
Using the follow-up responses to the first fifteen questions, principal component analysis was used to identify the potential number of educational themes (or factors) being tested in the instrument and which factors were being measured by each individual question.
Internal consistency was measured by calculating values for Cronbach's α and inter-item covariance from the follow-up responses from all questions. We considered a Cronbach's α greater than 0.7 to be satisfactory.
14 Discriminative ability was defined as the ability to determine whether the three instruments were able to detect changes in knowledge about EBP and searching skills. It was calculated as the mean difference between baseline and follow-up scores which were compared to zero with a simple t-test. We considered a p-value of ≤ 0.05 to be significant. Table 1 . The syllabus 10 covered was similar to those covered by the EBP conferences in the second validation stage.
Implementing items in a RCT -
Each instrument was re-validated by one cohort of students (approximately 60 students from each semester) using post-intervention scores alone. As the instruments had already been shown to have adequate discriminative ability, only internal consistency was considered by re-calculating Cronbach's α scores. This time scores were not averaged for each question stem, but were treated individually. Otherwise, the same scoring system and statistical assumptions were employed as in the second stage of validation.
The completed instruments are available from the authors by request.
Results
Factor identification -Principal components factor analysis (results not shown) indicated that there were two distinct factors (educational themes) which were being measured -which responded to the questions on searching and critical appraisal.
Discriminative ability - Table 2 shows the mean differences in scores obtained before and after the international workshops and the subsequent p-values and confidence intervals. All values are ≤ 0.05.
Internal consistency - Table 3 shows the Cronbach's α scores from the second stage of validation and Table 4 from the third stage. Scores are given for the three instruments overall and for the two educational themes identified. In the both stages suboptimal values for Cronbach's α were obtained as all were ≤0.7.
Discussion
A pool of 23 questions were developed from previous outcome measured, using expert opinion. Each question contained three related items. The instruments were assessed for discriminatory ability and internal consistency.
Five questions were subsequently removed to try to improve internal consistency.
Three instruments were developed, consisting of six questions each. Prior to the medical students' trial, the instruments showed borderline levels of internal consistency. For the third instrument, the scores were felt to be due to ambiguities in the wording of two items in the latter instrument, which were subsequently reformulated before the final stage of validation in the randomized controlled trial. In the trial all instruments again showed suboptimal levels of internal consistency. This may suggest that not all items in the instruments reliably measured the knowledge acquired by students and may have made real differences in knowledge more difficult to detect. On the other hand, the mean increase in scores pre and post teaching showed a statistically significant change for all instruments. This suggests that the instruments were able to discriminate between students on the basis of overall EBP knowledge acquired.
One possible explanation for the borderline scores is that the instruments were inappropriate for the study group or specific training intervention. Nonetheless, this would be a surprising result given the long process of validation, and that the scores obtained by medical students post-intervention were very similar to those obtained by expert groups in a previous validation study 8 . An alternative explanation is that high levels of internal consistency are difficult to obtain from such a short examination.
The study illustrates the difficulties of developing valid, generalizable instruments for measuring EBP knowledge in trials. Further work is required to develop better instruments which are suitable for use in different training contexts and include items on searching for evidence. 
